Abstract Exopolysaccharide produced by a unique avirulent Bacillus anthracis strain PFAB2 of hot spring origin has been characterized and its functional properties are investigated which is a first report. Maximum yield of EPS is 7.66 g/l with 2% glucose and 1% peptone as optimum carbon and nitrogen source respectively. The EPS is found to be a homopolymer consisting of only glucose as principle monosaccharide component. Through 1 H NMR study, different dextran-like proton peaks are observed. Molecular weight of the EPS resembles low molecular weight bacterial origin polysaccharides. Melting transition of the EPS has started after 276°C which indicates good thermal stability. The EPS also shows potent antioxidant activity in terms of DPPH and ABTS mediated free radical scavenging property compared to standard ascorbic acid. Emulsifying property of the EPS is also observed and has shown good emulsification of vegetable oils. The polysaccharide forms a thermo resistant gel during the heating phase, with G 0 higher than G 00 indicating excellent shear-thinning behaviour and viscoelastic nature of the EPS.
Introduction
Exopolysaccharide is a type of complex polymer primarily consisting of repeating chains of sugar molecules where traces of protein or sometimes nucleic acids may also be present [1, 2] . It is produced by a variety of microorganisms including bacteria, archaea, fungi or microalgae [3] [4] [5] [6] . Polysaccharides have a wide range of industrial applications, but the main benefit of microbial polysaccharides as compared to that of conventional plant or algal polysaccharides are its stable production cost, easy maintenance and simple downstream processing; as they can easily be harvested from cell-free culture supernatant continuously [7] . Some of the most industrially successful bacterial EPSs are Dextran from Lactobacillus used in biomedicals [8] , Xanthan from Xanthomonas campestris used as gum [9] [10] [11] , succinoglycan from different soil microbes as food additive [12] or Gellan from Sphingomonas as gelling agent in food industry [13, 14] . Though various types of bacterial EPSs has been isolated from different sources and are characterized over the last two decades, but only a few have practical applications, the reason being most of the newly characterized bacterial EPSs have no novel properties. Recent trends of microbial secondary metabolites have taken a turn where nanotechnology is playing a dominant role whether it is enzyme engineering [15] or bacteria derived biopolymers [16] . Characterization of EPS synthesized by extremophiles may open opportunities for unique applications. Microorganisms produce EPS in order to survive in extreme environmental condition; the EPS act as a protecting sheath and helps colonizing the bacteria leading to their improved continued existence [17] .
Bacillus anthracis is commonly known as the etiological agent of anthrax; a fatal animal and human disease. Unfortunately it has been used as a biological weapon in the past [18, 19] . Capsule and the virulence related proteins which are encoded by the plasmid genes of B. anthracis are the origin of its pathogenecity [20] . Though cell wall polysaccharide structure of B. anthracis has been elucidated earlier [21, 22] but exopolysaccharide produced by B. anthracis has not been characterized yet. In this study, we will uncover the structural and functional properties of this unusual avirulent variant of B. anthracis strain PFAB2 from hot spring origin; which is a first of its kind. The strain PFAB2 is unique as it lacks both virulence plasmids pXO1 and pXO2 preventing the formation of virulent anthrax toxin; also the capsule biosynthesis genes are absent too [23] , which is otherwise a characteristic feature of the usual virulent B. anthracis strains.
Materials and Methods

Isolation and Growth of Bacterial Strain
An avirulent variant of Bacillus anthracis strain PFAB2 has been isolated from the water collected from Panifala hot water spring of West Bengal, India. After serial dilution of the water, nutrient broth (NB) (0.5% Peptone, 0.5% NaCl and 0.3% Beef extract) devoid of yeast extract (pH 7.0) has been used as the culture media. The pure culture is then further maintained in NB medium at 45°C [23] .
Phylogenetic Analysis and In Silico Identification of eps Genes
Isolation of 16S rDNA and genomic DNA has been earlier reported by Banerjee et al. [23] . The 16S rDNA has of B. anthracis PFAB2 (KU948294) has been analyzed using BLAST, available on the NCBI website (http://www.ncbi. nlm.nih.gov/). Phylogenetic tree has been prepared through neighbour-joining method using NCBI BLAST pairwise alignment method having 1000 bootstrap replicates. From the whole genome of B. anthracis PFAB2 (MEAQ00000000) [23] , eps operon and responsible genes has been searched using Rapid Annotation Subsystem Technology (RAST) server [24] .
EPS Extraction and Purification
Bacterial cells grown overnight have been discarded by centrifugation at 4°C and 50009g for 20 min. The supernatant is then incubated at 4°C for 1 h; equal volume of chilled absolute ethanol has been added to the cell-free supernatant, which is again incubated overnight at 4°C. EPS coagulated by ethanol is then separated following centrifugation at 4°C and 12,0009g for 20 min. After that, the precipitated EPS has been re-suspended in 4% trichloroacetic acid and incubated at 4°C for 1 h. After that it has been centrifuged at 4°C, 12,0009g for 20 min in order to remove the proteins denatured by trichloroacetic acid. Finally, the purified EPS is obtained after dialysis followed by lyophilization. The dry weight of the EPS has been calculated and stored for further analysis.
For confirmation of EPS production by the strain, congo red staining [25] has been performed at different intervals (6, 12, 24 and 48 h) and observed under light microscope with 100 9 objective lens.
Optimization of EPS Production Media
Media for the best EPS production has been optimized by addition of different carbon sources to the media (Glucose, Lactose, Sucrose and Xylose) followed by variation of the carbon source percentage (0.5-5%). The media has been further optimized by varying the salt (0-5%) and nitrogen source content (Peptone and NH 4 Cl from 0.5 to 5%). In order to precipitate the EPS, different alcoholic solvents, viz. ethanol, methanol, isopropanol and acetone have also been optimized.
Elemental Analysis of EPS
The total nitrogen, carbon, hydrogen and sulfur contents are determined using a CHNS analyzer (Vario EL III, M/s Elementar, Germany). For CHNS elemental analysis, lyophilized powdered EPSs are weighed (* 5-10 mg) and mixed with vanadium pentoxide oxidizer [V 2 O 5 ] in a tin capsule, followed by combustion in reactor at 1000°C. In order to find total content of carbon, hydrogen, nitrogen and sulphur present in samples along with the C/N ratios of EPS, both the EPS and standard dextran are run simultaneously.
Microsomic Analysis of EPS Surface
Microsomic morphology of the lyophilized powdered EPS has been analyzed using scanning electron microscopy (SEM) and atomic force microscopy (AFM). The EPS has been made conductive through gold coating (IB2 ion coater) and examined under SEM (S530 Hitachi). Surface morphology of the EPSs have been characterized and later compared with the standard dextran.
For atomic force microscopic analysis, an aqueous stock solution of 1 mg/ml EPS has been prepared. The solution is vortexed well at room temperature to completely dissolve the EPS. It has been finally diluted to a concentration of 0.01 mg/ml. Approximately 5 ll of diluted EPS solution has been dropped on the cover slip surface and dried at room temperature. AFM images are obtained using Agilent Technologies 5500 at tapping mode.
Determination of the Molecular Mass
The EPS was dissolved in distilled water at a 2 mg/ml (0.2% w/v) concentration and filtered through a 0.2 micron filter. Molecular weights and molecular weight distributions [dispersity (Ð)] of the EPS polymers have been determined by Waters ACQUITY Advanced Polymer Chromatography (APC). The instrument contains a 1500 series HPLC pump, an ACQUITY Ò refractive index (RI) detector, one ACQUITY APC TM XT 2002.5 lm (4.6 9 7.5 mm) column in WATER at 45°C at 0.25 ml/ min flow rate. Cyclodextrin standards are used to calibrate the instrument.
Analysis of Sugar Composition
Total carbohydrate content has been determined by phenol sulfuric acid method [26] . Using the carbazole method, content of the glucuronic acid in EPS has also been estimated [27] . The carbohydrate composition analysis has been conducted using alditol acetate derivatives [28] . About 1 mg of samples has been separately hydrolyzed with 2 M TFA at 120°C for 2 h. For preparation of alditol acetate derivatives, the hydrolyzed material has further being reduced using NaBD 4 and acetylated with acetic anhydride and pyridine (1:1) at 80°C for 20 min. GC (Agilent Technologies 7890) coupled to a mass spectrometer analyze the Derivatized monosaccharides. The sample (1 ll) has been introduced in the split less injection mode in DB-5 (30 m 9 0.25 mm, 0.25 lm film thickness, Agilent) using helium as a carrier gas. The alditol acetate derivatives are separated using the following temperature gradient: 80°C for 2 min, 80-170°C at 30°C/min, 170-240°C at 4°C/min, 240°C held for 30 min and samples are ionized by electrons impact at 70 eV.
Spectroscopic Analysis
X-ray diffraction (XRD) studies are carried out using an X-ray powder diffractometer (D8 Advance Bruker, country) equipped with a LYNXEYE detector. To study the physical properties of EPS, slow scan in different two-theta angle ranges has been done by generating radiation at 40 kV and 40 mA using liquid nitrogen cooled solid-state germanium detector. For better peak and background resolution, intensity has been increased approximately 10 times using a 1 mm primary beam path and 6 mm secondary beam path slit. Dried EPS sample has been mounted on a quartz carrier, and intensity peaks of diffracted X-rays are recorded with scan step time 1 s at room temperature [29] .
Fourier Transform Infrared Spectroscopy (FTIR) has been performed to detect the major functional groups present in the EPS. FTIR spectrums of bacterial EPS along with standard Dextran are tested using FTIR spectrophotometer (IR-Prestige 21, Shimadzu Corporation, Japan). The spectrums have been recorded using potassium bromide (KBr) method where the samples are pressed into KBr pellets at 1:90 ratios.
For 1 H Nuclear Magnetic Resonance (NMR) spectroscopic analysis, lyophilized and powdered EPS are dried over P 2 O 5 in vacuum for several days and then deuterium exchanged five times, followed by lyophilization with D 2 O (99.96%. atom 2H, Aldrich).
1 H NMR experiment has been carried out at 30°C (BrukerAvance DPX-500, country) by suppressing the HOD signal (fixed at d4.70) using the WEFT pulse sequence. Acetone is used as internal standard for fixing methyl proton signal at d2.225.
Thermal Characteristic Determination of EPS
TGA (Thermogravimetric analysis)/DTA (Differential Thermal Analysis) is performed using Pyris Diamond TG/ DTA (Parkin Elmer). Thermograms for TGA and DTA are obtained for * 5 mg of sample in the range of 10-650°C at nitrogen atmosphere with control alumina. Pyrolysis pattern of EPS has been investigated using a Differential Scanning Calorimeter (TA Instruments, USA, Q 10). To determine the melting point and enthalpy change, * 5 mg of dried EPS sample has been taken in an alumina pan, sealed and analyzed, using empty pan as reference. The heating rate has been 10°C min -1 from 20 to 550°C [30] .
Rheological Studies of EPS
EPS hydrocolloid has been prepared in water at room temperature under constant stirring. Rheological measurements have been done by varying pH levels (pH 3, 5 and 7), EPS concentrations (1-5%) and temperatures (35 and 45°C) . A dynamic rheometer (MCR 52, Anton Paar, Austria) has been used for the analysis by performing small amplitude oscillatory shears. Temperature sweeps has been performed for most favourable pH and EPS concentration by varying the salt concentration from 1 to 5%. Heating (40-95°C) and subsequent cooling (95-40°C) are performed at a rate of 1.5°C/min and frequency 1 Hz, followed by establishment of 0.6 Pa constant stress based on linear viscoelastic limit. To minimize the evaporation losses during measurements, exposed sample edge has been covered with a thin layer of low viscosity mineral oil prior to starting the experiments.
Antioxidant Properties
The antioxidant activities of EPS at different concentrations of scavenging of DPPH and ABTS have been performed with quercetin as reference. Scavenging of DPPH radical on EPS has been performed [31] , where 1 ml of EPS aqueous aliquot (0.2, 0.5, 1, 2 and 5 mg/ml) is added to the 0.2 mM of ethanolic DPPH radical solution. After vigorous mixing, it is then incubated under dark condition and room temperature for 1 h. After centrifugation at 50009g for 10 min, absorbance of the supernatant has been recorded at 517 nm (Systronics UV-Vis Spectrophotometer 117). DPPH Radical Scavenging Activity (RSA) is calculated using the following equation:
where A 0 is the absorbance value of DPPH solution without the sample and A 1 is the absorbance value of EPS solution. Free radicals derived from 2,2 0 -azino-bis(3-ethylbenzothiazolin-6-sulfonic acid)/ABTS and its scavenging activity has been evaluated following the method used by Nitha et al. [32] . The ABTS solution is diluted to an absorbance of approximately 0.75 at 734 nm in PBS. Then, 0.9 ml of different EPS concentrations (0.2, 0.5, 1, 2 and 5 mg/ml) have been added to 0.1 ml of ABTS ? radical solution and allowed to react for 6 min at room temperature. Absorbances are recorded at 734 nm using quercetin as reference. The scavenging activity is calculated using Eq. (1) in this case A 0 is the absorbance value of ABTS ? radical solution without the sample and A 1 is the absorbance value of EPS solution. For both ABTS and DPPH mediated methods, ascorbic acid has been taken as positive control.
Emulsification Activity of the EPS
Emulsification property of the EPS has been determined [33] , where equal volumes of aqueous EPS solution (0.5% w/v) and various hydrophobic substrates are vortexed vigorously and allowed to stand for 24 h. Emulsifying activity is expressed as the percentage of the total height occupied by the oil-water emulsion after 24 h of mixing. The hydrophobic substrates tested are olive, rice and sesame oil (commercial brands), vaseline and xylene (SRL). As control, triton X-100 (SRL) is used.
Results and Discussion
Phylogenetic Analysis and In Silico Identification of eps Genes
From the 16S rDNA phylogenetic tree (Fig. 1) [34] , which are reported to be responsible for EPS chain length and its export (Fig. 1) .
EPS Purification
TCA precipitated EPS is dialyzed, air dried and lyophilized. Dry weight of the powdered EPS is further calculated and stored for future experiments. From congo red staining, it has been confirmed that best EPS production started at 24 h and maximized after 48 h.
Optimization of EPS Production
Production of EPS is sensitive to many factors such as temperature, pH, incubation periods, but it is mainly influenced by the carbon or nitrogen sources. EPS production is favoured by high carbon to nitrogen ratios [35] . Hence, an increase in the yield of EPS production may be achieved by manipulating the culture conditions. In order to attain this, EPS from B. anthracis is produced by varying the carbon or nitrogen source, salt concentration and solvent.
Glucose and peptone have been found to be the best carbon and nitrogen source for EPS production, respectively. Production with sucrose has been also found to be satisfactory after glucose. For optimized production of EPS presence of salt is not necessary (pH 7.0), while at 37°C ethanol as precipitating solvent is favourable. 7.66 g/l dry weight of EPS has been extracted from B. anthracis with 2% Glucose, 1% peptone substituted Nutrient Broth media in the absence of any salt at pH 7.0 and 37°C after 5 days of growth (Fig. 2) .
Elemental Analysis of EPS
From elemental analysis, C/N ratio of the EPS corresponds to 4.638 which is similar to the C/N ratio of fresh organic matter as compared to commercial dextran. % of C, N, H and S obtained from the EPS have been shown similarity to the control dextran. Based on the result of elemental analysis, it can be observed that EPS is composed of mainly carbon, hydrogen and nitrogen; of which carbon is most abundant (35.06% in the B. anthracis EPS compared to 39.15% in control dextran) followed by hydrogen. Presence of 7.56% nitrogen (7.68% nitrogen in dextran) indicates the presence of nitrogenous compounds too in the EPS which may be due to the presence of any protein contaminants in the EPS.
Microsomic Analysis of EPS Surface
Surface morphology of the EPSs characterized by SEM with dextran as control revealed its structural similarity with commercial dextran. SEM images at 50009 reveal compact flakes like structure compared to round shaped control dextran particles. At higher magnification of 10,0009, both EPS secreted by B. anthracis and control dextran revealed same compact, smooth surface without any porous features (Fig. 2) .
Atomic force micrographs consisted of many isolated impregnating nano-sized triangular lumps with height ranging from 5 to 22 nm. Height of each lumps are mostly homogenous and they are uniformly distributed (Fig. 2) . These homogenously distributed polysaccharide chains are a characteristic feature of bacterial dextran.
Determination of the Molecular Mass
The EPS was purified and analyzed through Advanced Polymer Chromatography. One peak has been detected with the molecular weight (Mw) of 1103 Da, suggesting that the EPS produced by Bacillus anthracis PFAB2 is pure and consisting of one single carbohydrate fraction. Number-average molecular weight (Mn) is 1085 along with a peak molecular weight off 1112, resulting into a polydispersity (Ð) value of 1.0159. Thus the EPS is a low molecular weight EPS.
Analysis of Sugar Composition
The EPS extracted from B. anthracis PFAB2 primarily consists of 72.72% of the total carbohydrate of entire EPS dry weight as determined by phenol-sulphuric acid method.
GC-MS analysis of the EPS produced by B. anthracis PFAB2 as alditol acetate derivatives shows that the EPS is composed of mainly glucose as constituent monosaccharide; furthermore absence of uronic acid in the EPS suggests that exopolysaccharide produced by B. anthracis is a homopolysaccharide (Fig. 3) . The constituent monosaccharide (glucose) has been further confirmed by EI-MS fragmentation of m/z 217, 145, 115.
Spectroscopic Analysis
Exopolysaccharide obtained from B. anthracis PFAB2 showed characteristic diffraction peaks at 17°and 28.5° (  Fig. 4) . Powder XRD pattern confirms the amorphous nature of the EPS and it is complicated to interpret broad amorphous peaks through X-ray scattering profile [36, 37] . The major functional groups present in the EPS produced by B. anthracis PFAB2 as determined by FTIR spectroscopy indicate the typical absorption pattern of a polysaccharide. Peaks of EPS and control dextran both showed N-H stretching at 1650-1580 cm -1 attributable to the N-H bending of amides of proteins, asymmetric C-H vibrational stretching of aliphatic CH 2 at 2915-2935 cm -1 is due to the presence of organic substances like protein, sugars etc., medium C-C stretching at 1400-1500 cm -1 , C-N stretching at 1250-1020 cm -1 , C-O-C and C-O glycosidic bond stretching at 1000-1200 cm -1 confirms the existence of carbohydrate, a-glycosidic bonds stretching at 1150-950 cm -1 (Fig. 4) indicates the presence of polysaccharides [38] [39] [40] [41] .
Between 3 and 6 ppm, B. anthracis PFAB2 produced by EPS shows 1 H NMR Spectral anomeric proton resonances of different Dextrans [42] , which is a well known subtype of glucan. Specifically it shows the presence of six signals in the anomeric region at 4.99, 4.04, 3.88, 3.76, 3.60 and 3.52 ppm. Resonance at 4.89 ppm is particularly of a-(1 ? 6) glucosyl residues (Fig. 4) . This type of complex anomeric region has been reported earlier in different bacterial EPS characterization studies also [43, 44] . There are signals present at * 1.2 ppm which may be due to the presence of acetate groups.
Thermal Characteristic Determination of EPS
Thermal behaviour of EPS plays the key role in its future commercial utilization, thus more the thermostability more its efficacy in commercial purposes [45] . Thermo gravimetric analysis (TGA) of the EPS produced by B. anthracis PFAB2 has been done by studying the weight loss versus the temperature plot, and the curve showed degradation of at respectively 50009 and 10,0009 magnification. 2.e-2.g is atomic force micrograph of EPS and it's both two and three-dimensional view EPS in three steps. The first phase presents a mass loss of 76% between 30 and 121°C due to the residual moisture loss which also proves that the EPS is not truly an anhydrous product. Another loss of 11.4% is observed between 121 and 377°C corresponding to the depolymerisation of EPS and finally a loss of 8.4% between 297 and 596°C (Fig. 5) . It has been observed from the curve that up to 260°C the EPS maintain its thermal stability suggesting that temperature above 260°C should be avoided during its application in industry. DTA curve of the EPSs shows three exothermic peaks. DTG curve has represented rate of mass losses of the EPSs.
Differential scanning calorimetry has been employed to recognize thermal transitions of EPS. Beside its chemical property, energy level of EPS by thermal characterization determines its commercial value for industrial usage. So, the thermal transition of EPS secreted by B. anthracis PFAB2 exhibits amorphous to crystalline transition (Tc) at 134.24°C, thereafter the melting transition started from 276°C (Fig. 5) . These thermal properties exhibit its potential stability and proving to be useful in model food matrices or hydrocolloids. Thus both TGA and DSC confirmed that the EPS possess high thermal stability, which would be safe for use in different industries where in most of the processes the temperature is more than 100°C.
Rheological Studies of EPS
Difference between the energy required for structural breakdown and rebuilding is measured by the hysteresis loop. Generally, greater hysteresis area indicates better structural reversibility of the gels owing to presence of three-dimensional networks due to H bonding amongst the polysaccharide molecules [46] . Highest hysteresis area has been found for 2% EPS solution at pH 7 and 35°C; i.e. 23.46 Pa/s (Fig. 6 ). Hysteresis area decreases in case of both acidic (6.22 Pa/s) and alkaline (5.65 Pa/s) solution. Noticeably pH 7 at 45°C caused structural degradation of the EPS (-13.38 Pa/S) as indicated by its negative value. Also other pH variated EPS solutions under 45°C do not increase the hysteresis area. The upward curve in hysteresis plot has been fit to Carreau Model 1 using Rheoplus Ò software according to the following equation:
where y = apparent viscosity, y ? = infinite viscosity. As pH is increasing, zero shear viscosity is decreasing at 45°C whereas at 35°C higher pH does not show a dependent characteristic (Table 1) . Infinite viscosity is independent of pH at all temperature, hence reflecting the stability of EPS under varying conditions of pH and temperature. Thus under room temperature and neutral pH condition, this dextran-like EPS secreted by B. anthracis shows good shear-thinning behaviour and viscoelasticity which indicates its suitability in different food and cosmetic industries as thickening/viscosifying agent. Bacterial EPSs are also reported to be a good viscosifying agent than commercial viscosifier used earlier and their good rheological properties has also been established in different earlier studies [47, 48] . Temperature sweep curves for 2% EPS at neutral pH and 3% NaCl concentration shows phase transition at 72°C. whereas for other NaCl concentrations, viz. 1, 2, 4 and 5% phase transitions can be observed respectively at 50, 60, 60-64 and 59°C probably due to charges interactions. Above 2% salt concentration, the phase transition occurs at approximately 60°C, barring 3% salt concentration, where the phase transition temperature shoots to 72°C (Fig. 6) . The values of elastic (G 0 ) and viscous (G 00 ) modulus of EPS do not show large variations in the temperature range of 50-90°C. As can be seen from Fig. 7 , it is evident that as temperature approaches 60°C, the molecular structures become unstable and lose their gel strength. At higher temperatures, these molecules become disordered. At low temperatures, the molecules have an organized conformation. The EPS solution containing 1, 4 and 5% NaCl show a weak gel behaviour during the heating (50-90°C), with G 00 higher than G 0 . The strong temperature dependence may be attributed to conformational transition in glucan-like EPS molecules. Temperature sweep of 2 and 3% salt added EPS solution (Table 2) shows that the polysaccharide forms a thermo resistant gel during the heating phase, with G 0 higher than G 00 . In general the EPS shows a shear thinning behaviour at varying salt and pH levels.
Antioxidant Properties
Natural antioxidants play an important role against various diseases and the normal aging process due to their free radical scavenging property. Here in vitro antioxidant activities of the EPS have been assayed by their scavenging abilities on DPPH and ABTS; and this ability is compared with standard ascorbic acid. Evidently B. anthracis PFAB2 produced EPS shows remarkable free radical scavenging activity than the standard ascorbic acid. Even at very low concentration, i.e., 0.2 mg/ml EPS shows best DPPH mediated free radical scavenging activity of 80.6%, while 5 mg/ml EPS showed maximum ABTS mediated free radical scavenging activity of 89.02% (Fig. 7) . Thus this glucan-like EPS may serve as a source for potential natural antioxidant; further studies are required to get a clear understanding of its astounding antioxidant capacity. Such good microbial EPS mediated antioxidant capacity is also reported previously [30, 49, 50] . Antioxidant property of any exopolysaccharide is usually conferred by the presence of phenolics, uronic acids or acetate groups. As confirmed from the NMR spectrum, acetate group present in the neutral, dextran-like exopolysaccharide may be the reason for its antioxidant activity.
Emulsification Activity of the EPS
Emulsification activity of the EPS produced by B. anthracis PFAB2 has been compared with commercial chemical surfactant, like Triton X-100 as average of three replicates. This dextran like EPS has been found to be capable of stabilizing different oil-water mixtures in which the hydrophobic phase is either hydrocarbons or vegetable oils (Table 2 ). It has been nearly as efficient as the chemical surfactant used as controls. It shows maximum emulsification activity against olive oil, followed by sesame oil, rice oil and xylene; and vaseline as minimum.
Conclusion
In this study, a glucose moiety containing, glucan-like, homopolysaccharide is isolated from a novel hot water spring origin Bacillus anthracis PFAB2. It has been found to exhibit good thermal stability and rheological properties along with sound free radical scavenging activity and emulsifying character. Glucan is of much scientific interest due to its high water solubility and neutral pH nature which makes it a strong EPS candidate to be used as thickener, viscosifier or emulsifier in food and cosmetic industry; and also in different biomedical applications. This EPS produced by B. anthracis PFAB2 may also find its use as a novel viscosifier, emulsifier and antioxidant agent with reference to be used in different food industries.
